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METHOD AND APPARATUS FOR A FIBRE 
CHANNEL CONTROL UNIT TO EXECUTE 

SEARCH COMMANDS LOCALLY 

This is a divisional application of Ser. No. 09/172,695 
?led on Oct. 14, 1998 now US. Pat. No. 6,185,631. 

FIELD OF INVENTION 

This invention relates to concept of transferring informa 
tion in a computer program product for use With a computer 
system having a main storage device in processing commu 
nication With a plurality of input/output devices. 

BACKGROUND OF THE INVENTION 

In a netWork computing environment, multitudes of com 
mands and requests for retrieval and storage of data are 
processed every second. To properly address the complexity 
of routing these commands and requests, a number of 
different resolutions have been implemented. In some data 
processing architectures, such as International Business 
Machines Enterprise System Architecture/390 (Enterprise 
System Architecture/390 is a registered trademark of Inter 
national Business Machines Corporation), a channel sub 
system is utiliZed to pass information betWeen the main 
storage and input/output (I/O) devices. The channel sub 
system includes one or more channel paths, each including 
one or more channels and one or more control units. 

Recently developed technologies such as the International 
Business Machines ESCON sWitch (ESCON is a registered 
trademark of International Business Machines Corporation), 
connect the I/O devices to the main memory through the 
control units using legacy channels to support the data 
transfer there betWeen. 

But as the technology improves, the performance of neW 
system processors Will require many more legacy channels 
than are presently in use to support the resulting increase of 
information transfer in the data processing systems. Current 
architectural constraints make the addition of such legacy 
channels an expensive proposition. A further challenge is to 
provide the link data rate required to support the data rates 
of neW I/O devices such as DASDs and Tapes. In this case, 
simply adding more legacy channels does not adequately 
address the problem. A neW architecture is needed that can 
scale up to the higher link speeds needed for normal trans 
action processing. Therefore, any neW proposed 
architecture, must include a capacity to accommodate higher 
bandWidth channel links such as Fibre Channel links While 
providing better data rates and higher link speeds. 

This application is being ?led at the same time as related 
application, Ser. Nos. 09/172,488, 09/172,696, and 09/172, 
462. 

This application incorporates by reference the folloWing 
patents and publications: 

1) Fibre Channel Single Byte-2(FC-SB-2) Architecture 
(AR-6865-00-POK) 

2) Fibre Channel (FC-PH) REV 4.3 ANSI X3.230-199x 
3) US. Pat. No. 5,526,484 to Casper et. al. 

SUMMARY OF THE INVENTION 

The present invention provides for a computer program 
product for use With a computer system having a main 
storage device in processing communication With an infor 
mation transfer interface mechanism capable of coupling to 
a plurality of input/output devices. The computer program 
device comprises of a data storage element included in the 
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2 
main storage device having a computer usable medium With 
computer readable program means for receiving and retriev 
ing data and computer readable code means for concurrently 
receiving multiple packets of data from said interface 
mechanism. It also includes computer readable code means 
for concurrently storing multiple packets of data concur 
rently in said data storage element as Well as computer 
readable code means for storage and retrieval of multiple 
packets of data concurrently betWeen said interface mecha 
nism and said data storage element. In one embodiment of 
the present invention the interface mechanism can include a 
control unit and channels and in yet another embodiment a 
fabric is in processing communication With the control unit 
and the channels. The computer product can also comprise 
computer readable code for transferring information using 
time division multiplexing. It can also comprise computer 
readable code for interleaving multiple starts each to a 
separate device on one channel by using multiplexing capa 
bility. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The subject matter Which is regarded as the invention is 
particularly pointed out and distinctly claimed in the con 
cluding portion of the speci?cation. The invention, hoWever, 
both as to organiZation and method of practice, together With 
further objects and advantages thereof, may best be under 
stood by reference to the folloWing description taken in 
connection With the accompanying draWings in Which: 

FIG. 1 is an illustration a netWork computing environment 
utiliZing one embodiment of the present invention; 

FIG. 2 is an illustration of different Fibre Channel hier 
archies; and 

FIG. 3 is an illustration of prior art systems demonstrating 
communication paths. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In a netWork computing system environment 100 having 
a data processing system architecture such as the one 
depicted in FIG. 1, information is passed betWeen a program 
storage device or a main storage such as the one shoWn at 

110, and one or more input/output devices (hereinafter I/O 
devices) 190, using channel subsystems 150. Through a 
fabric that can include one or more optical ?ber and sWitches 
160, channel paths are established, comprising channels 155 
and one or more control units shoWn at 180. These channel 
paths are the communication links established betWeen the 
I/O devices 190 and the main storage for processing and 
exchange of information. The channel subsystem, control 
units and the ?ber are all part of an information transfer 
interface mechanism 195 Which enables the main storage 
remain in processing communication With the input/output 
devices. The information transfer interface mechanism can 
include other or different components. The fabric can be to 
simply replaced by one or more sWitches. In one embodi 
ment of the present invention, the interface mechanism does 
not even include the fabric or any sWitches. 

The main storage 110 stores data and programs Which are 
input from I/O devices 190. Main storage is directly addres 
sable and provides for high speed processing of data by 
central processing units and one or more I/O channel sub 
system devices. One example of a main storage is a cus 
tomer’s storage area and a system area (not shoWn). I/O 
devices 190 receive information or store information in main 
storage. Some examples of I/O devices include magnetic 
tape units, direct-access storage devices (DASD), displays, 
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keyboards, printers, teleprocessing devices, communication 
controllers and sensor-based equipment. 

The main storage is coupled to the Storage Control 
Element (SCE) 120 Which in turn is coupled to one or more 
central processing units (CPU) 130. The central processing 
unit(s) is the control center of the data processing system and 
typically comprises sequencing and processing facilities for 
instruction execution, initial program loading and other 
related functions. The CPU is usually coupled to the SCE via 
a bi-directional or uni-directional bus. The SCE, Which 
controls the execution and queuing of requests made by the 
CPU and channel subsystem, is coupled to the main storage, 
CPUs and the channel subsystem via different busses. 

The channel subsystem directs the How of information 
betWeen I/ O devices and main storage and relieves the CPUs 
of the task of communicating directly With the I/O devices 
so that data processing operations directed by the CPU can 
proceed concurrently with U0 processing operations. The 
channel subsystem uses one or more channel paths as the 

communication links in managing the How of information to 
or from I/O devices. Each channel path consists of one or 

more channels, located Within channel subsystem, and one 
or more control units. As can be seen in FIG. 1, it is also 

possible to have one or more dynamic sWitches or even a 

sWitching fabric (netWork of sWitches) included as part of 
the path, coupled to the channel(s) and the control unit(s). 
Each control unit is further attached via a bus to one or more 

I/O device(s). 
The subchannel is the means by Which channel subsystem 

provides information about associated I/O devices to the 
central processing units, the CPUs obtain this information 
by executing I/O instructions. The subchannel consists of 
internal storage that contains information in the form of a 

channel command Word (CCW) address, channel path 
identi?er, device number, count, status indications, and I/O 
interruption subclass code, as Well as information on path 
availability and functions pending or being performed. I/O 
operations are initiated With devices by executing I/O 
instructions that designate the subchannel associated With 
the device. 

The execution of input/output operations is accomplished 
by the decoding and executing of channel command Words 
or CCWs by the channel subsystem and input/output 
devices. A chain of CCWs (input/output operations) is 
initiated When the channel transfers to the control unit the 
command speci?ed by the ?rst channel command Word. 
During the execution of the speci?ed chain of I/O 
operations, data and further commands are transferred 

betWeen the channel(s) and the control unit(s). In one 
embodiment of the present invention, the CCWs are pipe 
lined and the associated data is streamed to the Control 
Unit(s) meaning multiple commands and data are sent to the 
Control Unit Without need for interlocked responses from 
the Control Unit. 

The present invention uses ?ber optic channels to estab 
lish its channel path links and utiliZes the bene?cial features 
of ?ber-based channels such as increased bandWidth, higher 
transfer rates and siZe advantages. FIG. 2 depicts an over 
vieW of the structure and concepts and mechanism used in 
the Fibre Channel interface (FC-PH) alluded to previously. 
The Fibre Channel (FC) is logically a bi-directional point 
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4 
to-point serial data channel structured for high performance 
capability. Physically, the Fibre Channel can be an intercon 
nection of multiple communication points, called NiPorts, 
interconnected by a sWitching netWork, called a Fabric, or a 
point-to-point link. Fiber is a general term used to cover all 
physical media supported by the Fibre Channel, such as 
optical ?ber, tWisted pair and coaxial cable. 

Fibre Channel is structured as a set of hierarchical func 
tions as illustrated in FIG. 2. Fibre Channel Physical and 
Signalling interface (FC-PH, 270) consists of related func 
tions FC-O, FC-1 and FC-2 each of Which is described as a 
layer or a level. As shoWn in FIG. 2, FC-O 200 de?nes the 
physical portions of the Fibre Channel including the ?ber, 
connectors, and optical and electrical parameters for a 
variety of data rates and physical media. Coaxial cable and 
tWisted pair versions of the Fibre Channel are de?ned for 
limited distance applications. FC-O provides the point-to 
point physical portion of the Fibre Channel and a variety of 
physical media is supported to address variations in cable 
plants. FC-l 210 de?nes the transmission protocol Which 
includes the serial encoding, decoding, and error control. 
FC-2 220 de?nes the signalling protocol Which includes the 
frame structure and byte sequences. FC-3 230 de?nes a set 
of services Which are common across multiple ports of a 

node. FC-4 240 is the highest level in Fibre Channel 
standards set and de?nes the mapping betWeen the loWer 
levels of the Fibre Channel and the Intelligent Peripheral 
Interface (IPI) and Small Computer System Interface (SCSI) 
command sets, the High-Performance parallel Interface 
(HIPPI) data framing, IP and other Upper level Protocols 
(ULPs) 280. 

There are also three classes of service associated With 
FC’s. Class 1 is a service Which establishes dedicated 

connections, that is once a connection is established it is 
retained and guaranteed by the fabric. This service guaran 
tees maximum bandWidth available betWeen tWo NiPorts. 
Class 2 service is a connectionless service With the fabric 
multiplexing frames at frame boundaries. Class 3 is also a 
connectionless service With the fabric multiplexing frames at 
frame boundaries but class 3 supports only unacknoWledged 
deliveries. 

The present invention uses FC-O, FC-1 and FC-2 layers as 
transport for a higher layer FC-4. The present invention also 
utiliZes the FC-2 capability for time division multiplexing of 
multiple exchanges over the same ?ber optic link. Multiple 
exchanges, in this case, means multiplexing multiple chan 
nel programs at the same time With different devices. Taking 
advantage of this capability in prior art Was not feasible. 
Hence the prior art required the dedication of a given 
channel to a particular channel program Whereas the present 
invention enables interleaving multiple channel program 
starts to separate devices on one channel. 

Existing systems use a dedicated channel to communicate 
With the control unit. FIG. 3 depicts the prior art example. 
Normally the channel A310 establishes processing commu 
nication With control unit A320 along path M 330. In order 
for channel A to establish processing communication With 
control unit B 350, hoWever, channel A has to end process 
ing communications With control unit A, Wait for a discon 
nect from control unit A and then establish processing 
communication With control unit B along path N 370. Each 
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channel, in other Words, can be in communication With one 
control unit at a time. 

There are several advantages associated With using the 
present invention. 1) Multiple control units can concurrently 

6 
d) incorrect length and chaining of ?ags; 
e) interrupts and recovery—program controlled interrupts 
f) Re-execution of search commands at the control unit; 

access and remain in processing communication With the 5 g) Disconnects and reconnects; 
subsystem. 2) By multiplexing While pipelining and data h) Channel program synchronization; 
streaming, the number of sequences required to execute i) abnormal Conditions at the Channel, 
typical I/O operation is reduced. 3) Many functions previ- _ _ ’ 
ously handled by the channels are noW delegated to the J) resldual Count; 
control units for processing and issuance. 4) By interleaving 10 k) reset functions; 
multiple starts each to a separate device on one channel and 1) 10st frames and framing Structure; 
pipelining the CCWs and streaming the associated data to . . . . _ 

the control unit, Which in turn has enhanced functionality for m) plpehmng of Sequences to Control umt’ 
processing and issuance, combined commands and data are 15 B) Class 2 and 3 log-ins and initialiZatiOn; 
sent to the control units Without need for interlocked 
responses from the Control Unit. 

The combination of the foregoing features eliminates the L Allowing Both Command and Data to be 
need for many functions Which had been required in prior art Combined Into one Sequence 
systems. For example, in the present invention most com- 20 
mand responses from the Control Unit to the channels are 
eliminated and command and data may be combined into a 
single sequence. Furthermore, all intermediate status 
sequences for chained CCW commands are eliminated. 

The Writing of data from main storage and to I/O devices 
and the reading of data from I/O devices to main storage is 
accomplished by executing I/O operations. At start I/O time 

Command re-execution for some commands may be per- 25 the channel builds the Fibre Channel sequence With the 
formed at the control unit rather than being initiated by the command and the command data if the command is a Write. 
channel. By alloWing several control units to concurrently If the CCW count is greater than 4k on a Write CCW then 
access the subsystem, the need for most disconnect and each subsequent 4K bytes of data are sent as a separate data 
reconnect sequences are also eliminated. sequence. Each Read CCW is sent as one sequence. 

Read 

I """""" ": OUTBOUND EXCHANGE r ---------- 
: CHANNEL - ----------------------- ---> : CONTROL ; 

l ----------- --: 'iN'Eo'HNB 'ExCHXNé'E" ---‘CMD---DATA ------ --(CC,E)---- (DX PARMS 16B)---(EX A)-----> 

---- - -CMD---DATA ------(CH,CC,E)---(LOC PARMS 16B)--(EX A -----> 

---- --CMD--------------(CH,RD-4KB)------------------(ExA)-----> 

<-----CN1L ------------ --(CMR)- --------------------- ---(EX A')---- 

---- "CNTL--------------(ACR)-------------------------(EXA-----> 

<- - - - DATA ------------ - -(E)- --------- - -(DATA-4KB)- - - - -(EX A')- - - - - 

<- - - - ‘STATUS --------- - - (CE/DE)- -------------------- - - (EX A’)- - - - - 

---- --(:N"[L--------------(ACC)-------------------------(EXA)-—---> 

<-----CN1L ------------ --(DACK) --------------------- --(EX A')---- 

The present invention provides major changes in the EXAMPLE 1 
folloWing areas; each of Which Will be discussed separately: 

a) initiation of channel programs; 50 READ—is an Example for a De?ne Extend, Locate 
b) execution of channel programs; Record FolloWed by a Read CCW for One 
c) CCW and data pacing Command Chain 

Write 

I """""" ' ': OUTBOUND EXCHANGE ----------- - - 

: CHANNEL - ----------------------- -- l CONTROL : 

'. ___________ -i 'iN'éo'nNB 'ExCHXNé'E" ---‘CMD---DATA ------ --(CC,E)---- (DX PARMS 16B)---(EX B)-----> 

---‘CMD---DATAr----- (CH,CC,E)---(LOC PARMS 16B)--(EX B)——— —~> 

---‘CMD---DATAr-----(CH,WD,E)--(DATA 4KB)- ---- --(EX B)————-> 
<----CNTL ----------- --(CMR) ---------------------- --(EXB')----- 

---‘CNTL ----------- --(ACR) ----------------------- --(EXB)-----> 

<----sTATUs --------- "(CE/DE)- -------------------- --(EX B')---- 

---‘CNTL ----------- --(ACC) ----------------------- --(EXB)-----> 

<----CNTL ----------- --(DACK)- -------------------- --(EXB')----- 
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EXAMPLE 2 EXAMPLE 3A 

WRITE—This Table is an Example of a De?ne Multiple Exchanges 
Extend, Locate Record Followed by a Write CCW 

5 This is an example of multiple command chains consist 
EXAMPLE 3A ing of De?ne Extend, Locate Record, a read or a Write in 

each CCW chain. The exchange ID is shoWn on each line. 
Multiple Reads and Writes Each exchange is totally independent of any other exchange. 

.' """""" "; OUTBOUND EXCHANGE ---------- 

: CHANNEL : <___111111111111111111111:" CONTROL I 

'. ........... BOUND EXCHANGE CMD---DATA ------ --(CC,E)---- (DX PARMS 16B)---(EX A)---- -> 

CMD---DATA ------ --(CH,CC,E)--- -(LOC PARMS 16B)----(EX A)-----> 
CMD---DATA ------ --(CC,E)- ---- -- (DX PARMS 16B)----- (EX B)-----> 

CMD---DATA ------ --(CH,CC,E)--- -(LOC PARMS 16B)----(EX B)-----> 
CMD---DATA ------ --(CC,E)- ---- -- (DXPARMS16B)----- (EXC)-----> 

CMD---DATA ------ --(CH,CC,E)--- -(LOC PARMS 16B)----(EX c)-----> 
'" CMD- ------------- --(CH,RD-4KB)- ------------------- --(EX A)____.> 

CMD---DATA ------ --(CH,WD,E)---(DATA 4KB)- ------- --(EX B)-----> 
CMD- ------------- --(CH,RD-4KB)- ------------------- --(EX C)-----> 

<----cNTL ------------- --(CMR)- ------------------------ --(EXA')---- 

<----cNTL ------------- --(CMR)- ------------------------ --(EXC')---- 

---CNTL ------------- --(ACR) ------------------------- -- (EXA)-----> 

<----cNTL ------------- --(CMR)- ------------------------ --(EXB')---- 

"' CNTL """""""" "(ACR) ------------------------- -- (EXC)-----> 

'“CNTL ------------ --(ACR) ------------------------- -- (EXB)-----> 

‘" -DATA ------------- --(E) --------- --(DATA-4KB)- ------ --(EX C')---- 

<--- -STATUS ----------- --(CE/DE) ------------------------ -- (EX B')---- 

<--- -STATUS ----------- --(CE/DE) ------------------------ -- (EX C')---- 

---CNTL ------------- --(ACC) ------------------------- -- (EXB)-----> 

<----CNTL ------------- --(DACK)- ----------------------- --(EXB')---- 

"' CNTL """""""" --(ACC) ------------------------- -- (EXC)-----> 

‘" —DATA ------------- --(E) --------- --(DATA-4KB)- ------ --(EX A')---- 

‘" —STATUS ----------- --(CE/DE) ------------------------ -- (EX A')---- 

<----CNTL ------------- --(DACK)- ----------------------- --(EXC')---- 

---CNTL ------------- --(ACC) ------------------------- -- (EXA)-----> 

<----CNTL ------------- --(DACK)- ----------------------- --(EXA')---- 

4O EXAMPLE 3B 

WRITE Example, One CCW 

Present Invention: 

----- CMD-DATA ----- “(4K BYTES ----------------------------------------------- ---> 

"-"CNTL ---------- --(CMR) ---------------------------------------------------- ---> 

<- ---- --CNTL ---------- --(ACR) ---------------------------------------------------- - 

<- ---- -- STATUS -------- -- (CE/DE) -------------------------------------------------- - 

-----CNTL ---------- --(ACC) ---------------------------------------------------- ---> 

<- ---- -- CNTL ---------- -- (DACK) ---------------------------------------------------- - 

PriorArt 

------ "CMD------------------------------------------------------------———-> 

<- ———— —— CNTL -------------- --(CMR) ------------------------------------ - 

----- --CNTL----------------(ACR) ----------------------------------—---> 

----- --DATA-----------------------------------(DATA1KB)--------------> 

----- “DATA-----------------------------------(DATA1KB)--------------> 

----- “DATA-----------------------------------(DATA1KB)--------------> 

----- --DATA------------------------------------(DATA lKB) ---------—---> 

<- ---- -- STATUS ----------- -- (CE/DE) ---------------------------------- - 

----- “CNTL----------------(ACC)---------------------------------------> 

<- ---- - - CNTL -------------- - - (DACK) ---------------------------------- - - 
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EXAMPLE 3B 

WRITE—Write Example, One CCW for Present 
Invention Versus Prior Art 

Present Invention: 

------ --CMD-DATA-------(4KBYTES----------------------------- 

------ --CMD-DATA-------(4KBYTES----------------------------- 

------ --CNTL <- ---- --CNTL ---------- -- (ACR) -------------------------------- - 

<- ---- “STATUS -------- -- (CE/DE) ------------------------------- - 

------ --CNTL (ACC) 4 ----- - 'CNTL ---------- - - (DACK) ------------------------------ - - 

Prior Art 

------ --DATA-----------------------------------(DATA1KB)------ 

------ --DATA-----------------------------------(DATA1KB)------ 

------ --DATA-----------------------------------(DATA1KB)------ 

------ --DATA------------------------------------(DATA1KB)------ 

----- 

‘ ---- --STATUS ----------- -- (CE/DE)- ---------------------------- - 

<- ---- "CNTL -------------- --(CMR)- ----------------------------- - 

------ - 

------ --DATA-----------------------------------(DATA1KB)------ 

------ --DATA-----------------------------------(DATAlKB)------ 

------ --DATA-----------------------------------(DATA1KB)------ 

------ --DATA------------------------------------(DATA1KB)------ 

<- ---- "STATUS ----------- "(CE/DE) ----------------------------- - 

----- 

<- ---- --CNTL -------------- --(DACK) ----------------------------- - 

EXAMPLE3C 

WRITE—Write Example, TWo CCW for Present 
Invention Versus Prior Art 45 

ABBREVIATION AND WORD DEFINITIONS 

Following are de?nitions of abbreviations, used in the 
above examples. 5O 

1. CMR Command Response 
2. ACR Accept-command-response function 
3. B Bytes 55 
4. CC Command Chaining 
5. CH CCW Command Chained into 
6. Cmd Command Type sequence 
7. Cmd-Data Command-Data Type sequence 
8. Cntl Control Type sequence 
9. Data Data Type sequence 60 

10. Status Status Type sequence 
11. ACC Status accepted 
12. DACK Device-level-ACK 
13. CE Channel-end status bit 
14. DE Device-end status bit 
15. DX De?ne Extent Command 
16. LOC Locate Record Command 65 
17. E End bit indicates the last data sequence 

- - - - - - - - - - - -> 

- - - - - - - - - - - -> 

— — — — — — — — — — ~> 

- - - - - - - - - - -> 

- - - - - - -> 

- - - - - - -> 

- - - - - - -> 

— — — — — — -> 

- - - - - - - - -> 

- - - - - - - - -> 

- - - - - - - - -> 

- - - - - - - - -> 

-continued 

18. KB Kilo-bytes 
19. RD Read Data Command 
20. WD Write Data Command 
21. EX( ) Exchange. At the FC-Z layer facilities exist that 

alloW multiple operations to be running concurrently 
each With its oWn exchange ID. For system 390 this 
is used to run multiple concurrent I/O operations. 

22. EX( ') The second exchange of an Exchange pair. TWo 
exchanges are linked together at the FC4 layer. 
FC-Z architecture only alloWs one end or the other the 
ability to send frames at any one time. To get around 
this, an exchange pair is de?ned and bound together at 
the FC4 layer so that Within an exchange pair frames 
can be sent by both sides at the same time, each 
using its oWn exchange ID. 

II. Fibre Channels and Information Units 

As mentioned earlier, the present invention utiliZes the 
FC-4 layer of Fibre Channel. Furthermore, the present 
invention utiliZes the de?nition of an SB-2 information unit 
Which includes information associated Which is With the 
execution of an I/O operation and With the operation of a 
device. This information is transferred betWeen the channel 
and control unit (as information units). The de?nition of the 
SB-2 FC-4 is based upon the FC-4 independent Information 
Unit construct described in FC-PH. 
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SB-2 Information Units (IUs) contain SB-2 device-level 
commands, status, data, or control information or SB-2 
link-level control information. All SB-2 IUs are sent as FC-4 
device-data frames. There are ?ve basic SB-2 IU types that 
correspond to ?ve of the FC-PH information categories. 
They are: 

1. Unsolicited-command IU 

2. Solicited-data IU 

3. Unsolicited-data IU 

4. Solicited-control IU 

5. Unsolicited-control IU. 
For brevity these IUs may be referred to respectively as 

the command IU, data IU, and control IU in the remainder 
of this document. 

SB-2 IU STRUCTURE 
The structure of SB-2 IUs is shoWn in Example 4 beloW. 
FC-SB-2 general IU payload structure 

E‘SB-E-i-nf?nlnl5ilénfilié-i ------- "1555a ------ "EPA-D- {CR-(‘3T 
: Header : Header : Header : : : : i 

(8) (8) (12) (4) (0-4224) (0—2) (0/4) 
<-—Not present in every SB-2 structure—> 

EXAMPLE 4 

IU Payload Structure 

All SB-2 IUs contain the following: 
1. Eight-byte SB-2 header 
2. Eight-byte IU header. 
3. Device-Information Block (DIB).” A DIB contains a 
minimum of 16 bytes; consisting of a 12 byte DIB 
header folloWed by four bytes of longitudinal 
redundancy check (LRC). 

4. Data Field. For certain DIB types, a variable length 
DIB data ?eld may immediately folloW the LRC. The 
maximum length of the DIB data ?eld is 4224 bytes. 
Six different DIB types are de?ned; they are: 
a. Data DIB 
b. Command DIB 
c. Status DIB 
d. Control DIB 
e. Command-data DIB 
f. Link control DIB 

The type and structure of the DIB is determined by bits in 
the information unit identi?er (IUI) ?eld of the IU header. 
(See “Information-Unit Identi?er.”) 

SB-2 HEADER 

The SB-2 header is the ?rst eight bytes of every IU. 

0 {Reserved E 
5 Image IDE 

Reserved 

|. | | | | | | | | | | | | | | | | | | _____J.__-J 1 i 

O 16 

EXAMPLE 5 

SB-2 Header 

The SB-2 header provides the FC-4 addressing informa 
tion needed to identify the logical path and the I/O device for 
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12 
Which the exchange is being initiated. Bits 0—7 and 16—23 of 
Word 0 and bits 16—31 of Word 1 are reserved and set to Zeros 
by the sender and ignored by the recipient. 
CHANNEL IMAGE ID Bits 8—15 of Word 0 contain the 

eight-bit ID of the channel image for Which the exchange is 
being initiated. 
CONTROL UNIT IMAGE ID Bits 24—31 of Word 0 

contain the 8-bit ID of the control-unit image for Which the 
exchange is being initiated. 
DEVICE ADDRESS When the AS bit in the IU header is 

set to one, bits 0—15 of Word 1 contain the address of the 
device for Which this exchange is being initiated. 

IU Header 

The information unit (IU) header is eight bytes, immedi 
ately folloWing every SB-2 header and preceding the DIB 
header. The IU header provides SB-2 control ?ags and 
necessary information to associate an IU to a speci?c CCW. 

| ------- - -|- ----- - - 1 --------- - - I 

0 EIUI 5 DH 5 CCW i 
: : Flags : Number I 

1 : Reserved I: Token : 

O 31 

EXAMPLE 6 

IU Header 

The IU header consists of four ?elds: 

1. IUI ?eld 

2. Device Header (DH) ?ags ?eld, 
3. CCW number ?eld 

4. Token ?elds 
Byte 0 of Word 1 is reserved and set to Zero. 

Information-Unit Identi?er 
Byte 0 of Word 0 of the IU header is the information-unit 

identi?er (IUI). The IU type and the functions that affect 
?eld formats and interpretation are identi?ed by bits in the 
IUI, Which has the folloWing format: 

Bits 0—2 of the IUI are reserved and are set to Zeros. 

ADDRESS SPECIFIC (AS): The AS bit, bit 3 of the IUI, 
When set to one, indicates that the IU is associated With 
the speci?c device identi?ed by the device-address ?eld 
of the SB-2 header. When the AS bit is set to Zero, the IU 
is not associated With a speci?c device, and the device 
address is not used. 

SUPPLEMENTAL STATUS (ES): The ES bit is used to 
control the transfer of supplemental status. For a data IU 
containing a status DIB, the ES bit may be set to either 
one or Zero. If the ES bit is set to one, supplemental status 
is present in the supplemental status ?eld of the DIB. If 
the ES bit is set to Zero, supplemental status is not present 
in the DIB. 

DIB TYPE (T3,T2,T1): Bits 5—7 of the IUI de?ne the type 
of DIB contained in the IU. The DIB type also determines 
the format of the DIB. Example 7 summariZes the setting 
of the T3—T1 bits. 
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r - _ - - - - - _ - - - - l- _ - - - - - _ - - - - - _| - - - - - _ - - - - - _ - - - - - _ - - - - ‘I 

i : DIB : : 
:T3 T2 T1 : Type : DIB Format 5 

i0 0 0 [Data 1 Data 5 
i0 0 1 5 Command 5 Command Header i 
i O 1 O 5 Status 5 Flags, status, count, 5 
I : : supplemental status 5 
:0 1 1 5 Control 5 Control funtion and i 
i i 5 parameters : 
i 1 O O 5 Command- 5 Command Header & Data: 
I : Data : i 
l 1 O 1 5 Link Control 5 Link Control Functions 5 
i 1 1 O : Reserved : i 

i 1 1 1 : Reserved : 5 

EXAMPLE 7 

DIB-Type Settings 
Device-Header Flags 

Byte 1 of Word 0 of the IU header is the device-header 
?ags (DHF) ?eld. The device-header ?ag bits are used 
individually or collectively to invoke certain SB-2 protocols 
to control the execution of an I/O operation. The format of 
the device-header ?ag ?eld and the description of each of its 
?ag bits folloW. Bits 5—7 of the device-header ?ag ?eld are 
reserved. 

END The E bit, bit 0, When set to one for either a 
command-data DIB or data DIB, is used to indicate that 
the data sent exactly satis?es the CCW count and that the 
CRC ?eld is present in the DIB. Also, the E bit When set 
to one for a status DIB is used to indicate that the quantity 
of data sent by the channel With an early end indication 
(See “Early End (EE).”), exactly satis?ed the record 
length. The CCW number and token in the IU header, 
collectively and in a model dependent manner, identify 
the CCW to Which the E bit applies. 

END CONNECTION (EC): The EC bit, bit 1, When set to 
one, for a status DIB, indicates that the control unit is 
logically disconnecting from the channel and requesting 
that the exchange pair be closed. When the EC bit is set 
to Zero, the control unit, While still logically disconnecting 
from the channel, is requesting that the exchange pair 
remain open. The control unit then reconnects on the same 
exchange pair that Was left open. 

READY (RDY): The RDY bit is set to a one by the channel 
in the multipurpose control function, accept command 
response. For all other control functions, command IU’s 
and data IU’s the ready bit is meaningless and ignored. 

CHAINING (CH): The CH bit, bit 3, When set to one, is used 
by the channel to signal its intention to chain or to con?rm 
that chaining is continuing: If the CH bit is set to one, the 
command IU is a command update as a result of either 
command chaining or data chaining and the DIB contains 
information from the current CCW. Whether the com 
mand update is for data chaining or command chaining is 
indicated by the DU bit in the command ?ag ?eld. If the 
CH bit is set to Zero, the command IU is not a command 
update. The CH bit is set to one by the channel When 
chaining is still indicated for the I/O operation and set to 
Zero When chaining is not or no longer indicated for the 
I/O operation or When a retry request is not accepted. 
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EARLY END The EE bit, bit 4, When set to one for 

either the multi-purpose control function in a control DIB 
(See “Control End”), a data DIB, or a command-data DIB 
is used to indicate that the quantity of data sent for the 
CCW indicated by the CCW number is less than the CCW 
count speci?ed for that CCW and for the data DIB and 
command-data DIB, the CRC ?eld is present. If the EE bit 
is set to Zero, an early end condition is not being indicated 
and the CRC ?eld is not present in the DIB. 

CCW Number: The CCW number, byte 2 and 3 of Word 0, 
of the IU header contains tWo 8 bit binary values that are 
assigned by the channel to the CCW associated With the 
IU being sent. The left most 8 bits (high-order 8 bits) of 
the CCW number represent an 8-bit binary number that is 
assigned by the channel to each CCW Which contains a 
command. The right most eight bits (loW-order bits) of the 
CCW number represent a model-dependent value 
assigned by the channel to every CCW. This value, in 
combination With the high-order 8-bits of the CCW 
number identi?es uniquely, every CCW executed by the 
channel. 

Token 
The token ?eld, bytes 1—3 of Word 1, of the IU header 

contains a 24-bit binary value that is provided by the 
channel. The value X‘OOOOOO’ is not a valid token and is 
used only in those IUs that do not require a valid token. 

DEVICE INFORMATION BLOCK (DIB) 
STRUCTURE 

A DIB consists of a DIB header, LRC, and for some DIB 
types a DIB-data ?eld. The DIB type is identi?ed by bits in 
the IU header. EXAMPLE 8 shoWs the DIB structure 
common to all DIB types. 

- DIB fLRc'E DIB Data : 

'_P_I.@':1<.1§£1.____=. ......................... ._I 

(12) (4) (0-4224) 

EXAMPLE 8 

Basic DIB Structure 

DIB HEADER 

The DIB header is the ?rst 12 bytes of every DIB type and 
immediately folloWs the IU header. The contents of the DIB 
header and the DIB data ?eld are determined by the DIB 
type. 
Example 9 shoWs the basic DIB structure common to all 

DIB types. 

DIB Type 

DIB Data 

EXAMPLE 9 

DIB Header Structure 

The format and contents of the DIB header ?elds are 
described in later sections as Well as they relate to those 
?elds in a DIB that are common to more than one DIB type. 
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IU Count 
Byte 1 of Word 2, of each DIB header type contains the 

IU count. The IU count is an eight-bit binary number that is 
included in every IU sent during an open exchange. 

The IU count value is initialized to X‘OO’ When an 
exchange is opened and the ?rst IU sent. The value of Zero 
is inserted in the IU count ?eld of the DIB header for the 
sequence sent to open an exchange. After each IU is sent the 
IU count is advanced by one and the neW value included in 
the IU count ?eld of the next IU sent. When the IU count 
reaches X‘FF’ and additional sequences are to be sent, the IU 
count is permitted to Wrap and the next value used is X‘OO’. 
DIB Data Byte Count 

Bytes 2 and 3 of Word 2, of the DIB header contain the 
DIB data byte count. The DIB data byte count is a 16 bit 
binary number that represents the number of bytes of data 
contained in the DIB-data ?eld. Pad bytes and CRC are not 
included in the data byte count. 

LONGITUDINAL-REDUNDANCY-CHECK 
FIELD 

The longitudinal-redundancy-check (LRC) ?eld contains 
a 32-bit redundancy-check code, immediately folloWing the 
DIB header in bytes 28 to 31 of the 32 byte FC-4 header. 
LRC is provided only on the bytes consisting of the SB-2 
header, IU header, and DIB header. 
The LRC generator/checker is initialiZed to 

X‘A55AA55A’ before the header ?elds are processed a full 
Word at a time. 

DIB DATA FIELD 

The DIB Data ?eld, if present, is a variable length ?eld 
Which contains either data, data and pad bytes, data and pad 
bytes and a CRC, or just a CRC. 

The quantity of data contained in the DIB data ?eld is 
indicated in the DIB-data count ?eld of the DIB header. All 
DIB types can be sent With a DIB data ?eld of Zero bytes. 
A command DIB and a control DIB are alWays sent With a 
DIB data ?eld of Zero bytes. The maximum number of bytes 
that can be sent in the DIB data ?eld is 4224 bytes. 

------- “151115 ------------ FAT)- [CRC-E 

(0-4224) (0-3) (0/4) 

When the data ?eld contains the maximum of 4223 bytes 
of data, the PAD ?eld and CRC ?eld both contain 0 bytes. 
When CRC is present in the DIB, the maximum number of 
bytes in the DIB data ?eld is 4220. 
Pad 

Pad bytes, if present, are contained in the last Word of the 
DIB data ?eld and are used to pad the DIB data ?eld to the 
next Word boundary. 

CYCLIC-REDUNDANCY-CHECK FIELD 

The cyclic-redundancy-check (CRC) ?eld, if present in an 
IU, contains a Word-aligned 32-bit redundancy-check code. 
The CRC ?eld is present in a command-data DIB, data DIB, 
status DIB, and link control DIB. 

For a command-data DIB and a data DIB, the CRC ?eld 
is present only When either the E bit or the EE bit in the 
device-header ?ags ?eld is set to one. For a status DIB, the 
CRC ?eld is present only When the supplement status (ES) 
bit is set to one. For a link control DIB containing a link 
payload, the CRC ?eld is present only When the E bit is set 
to one. 
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The processing of CRC, in terms of generation and 

checking, folloWs the de?nition as provided in Annex N of 
the FIBRE CHANNEL, Physical and Signaling Interface 
(FC-PH). Additional information can be found in Fiber 
Distributed Data Interface (FDDI) Media Access Control 
(MAC) (ISO/IEC 9314-2:1989) appendix B. The initialiZed 
value of the CRC generator is X‘FFFFFFFF’. 

COMMAND DIB STRUCTURE 

A command DIB is sent only in a command IU by the 
channel. It is used to transfer information associated With the 
current CCW to the control unit. At the beginning of an I/O 
operation, a command IU containing a command DIB may 
be used to initiate an operation With an I/O device. When 
data chaining is performed, a command IU containing a 
command DIB may be used to update the information held 
about the current command at the control unit. Each com 
mand DIB contains a command header and LRC. 

COMMAND HEADER 

The command header is the ?rst 12 bytes of either a 
command DIB or command-data DIB. The command header 
has the folloWing format: 

0 ______ “(ZZZ-W _______ H: 

: Command : Flags : Count : 
:- - - - - - - - - - - - - - - - - - - - - l- - - - - - - - - - 1' - - - - - - - - - -: 

1 I Reserved : Command ' 
: I Flags : 
r - - - - - - - - - -| - - - - - - - - - - r - - - - - - - - - - - - - - - - - - - -I 

2 : Reserved .' IU 5 Data 5 
i I: Count : Byte Count : 

O 7 15 31 

The command header contains both information from the 
current CCW and information supplied by the channel 
necessary for the control unit to execute the current com 
mand. The command header describes to the control unit 
hoW execution of the I/O operation being initiated is to be 
performed and additionally may also specify hoW a subse 
quent I/O operation is to be performed. 

Bytes 0—2 of Word 1 and byte 0 of Word 2 are reserved and 
set to Zero. 

Command Field 
Byte 0 of Word 0 of the command header contains the 

command specifying the I/O operation to be executed With 
an I/O device. The basic operations are speci?ed by the 
folloWing commands: read, read backWard, Write, control, 
and sense. 

When a command IU is used to update the count and ?ags 
during data chaining (the DU ?ag of the command DIB is set 
to one), the contents of the command ?eld is unpredictable 
and is ignored by the control unit receiving the command IU. 
CCW Flag Field 

Byte 1 of Word 0 contains the CCW ?ags. Bits 3 and 5—7 
are reserved and are ignored by the control unit receiving the 
command IU. The value to Which bits 3 and 5—7 are set is 
unpredictable. The format of the CCW ?ag ?eld is as 
folloWs: 

CHAIN DATA (CD): The CD ?ag, bit 0, When set to one, 
speci?es an intent to perform chaining of data. It causes 
the CCW ?ags, CCW count, and command ?ags desig 
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nated in the next command IU in Which the DU ?ag and 
the CH bit are set to ones to be used With the current 
command. 

CHAIN COMMAND (CC): The CC ?ag, bit 1, When set to 
one While the CD ?ag is set to Zero, speci?es an intent to 
perform chaining of commands. Upon normal completion 
of the current I/ O operation and after receiving device end 
from the device, chaining of commands Will cause the 
command code speci?ed in the command header of the 
next command IU to be initiated. 

SUPPRESS LENGTH INDICATION (SLI): The SLI bit, bit 
2, controls Whether or not command chaining is to occur 
on an incorrect-length condition. When the SLI bit is set 
to one and an incorrect-length condition exists for the 
current command, command chaining, if indicated, is 
permitted. If the SLI bit is set to Zero and an incorrect 
length condition exists for the current command, com 
mand chaining, if indicated, may or may not occur 
depending on the setting of the COC ?ag bit. If the COC 
?ag bit is set to Zero command chaining is not permitted 
and ending status With the residual count and appropriate 
status ?ag bits are transferred to the channel. (See “Con 
tinue on Command Immediate (COC).”) 

PROGRAM-CONTROLLED-INTERRUPTION (PCI): The 
PCI ?ag, bit 4, When set to one for the current command, 
causes the control unit to generate and transfer to the 
channel a PCI indication. The control unit indicates that it 
has started execution of a command With the PCI bit set 
to one by sending a command response IU or, only for the 
?rst command of the channel program that is executed as 
an immediate operation, a solicited data IU containing a 

status DIB. When a command response is received, the 
channel recogniZes that the control unit has started execu 
tion of the CCW identi?ed by the CCW number in the IU 
header. If the PCI bit is set to one in the identi?ed CCW, 
the channel sub-system recogniZes an intermediate inter 
ruption condition. 

CCW Count Field: Bytes 2 and 3 of Word 0 contain the byte 
count speci?ed in the current CCW. The CCW count ?eld 
is a 16-bit ?eld indicating the number of bytes to be 
transferred betWeen the channel and control unit during 
execution of the CCW. The ?eld is interpreted as a 16-bit 
unsigned binary integer. The value in the ?eld can range 
from 0 to 65,535. 

Command-Flag Field: Byte 3 of Word 1, contains the com 
mand ?ags. The channel uses the command ?ags to 
provide the control unit With additional information on 
hoW the I/O operation, speci?ed by the contents of the 
CCW in the command header, is to be executed. Bits 0—2 
are reserved, are set to Zeros by the channel, and are 
ignored by a control unit. The format of the command ?ag 
?eld is as folloWs: 

I - - - - - --1---r----u-"'r""l"" 

: :DU:COC:SYR:REX: 5555 
O 3 4 5 6 7 

DATA-CHAINING UPDATE (DU): The DU ?ag, bit 3, 
When set to one, indicates that the CC ?ag, the CD ?ag, 
and the count sent in this command IU are associated With 
a neW CCW used during data chaining. The CH bit in the 
device header is set to one When the DU ?ag is set to one. 

CONTINUE ON COMMAND IMMEDIATE (COC): The 
COC ?ag, bit 4, When set to one along With the CC ?ag 
also set to one indicates that suppression of the incorrect 
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length condition is recogniZed by the channel and com 
mand chaining to the next command is permitted at the 
end of execution of a command immediate operation. 
When a control unit executes a command as an immediate 

operation and the CCW count for the command is 
nonZero, an incorrect length condition is recogniZed and 
command chaining, if indicated, is under control of the 
COC ?ag or SLI ?ag. If the COC ?ag or the SLI ?ag is 
set to one, command chaining, if indicated, is permitted. 
If the COC ?ag and the SLI ?ag are both set to Zero, 
command chaining is not permitted. (See “Suppress 
Length Indication (SLI).”) 

SYNCHRONIZE RESPONSE (SYR): The SYR ?ag, bit 5, 
When set to one, indicates to the control unit that the 

command IU contains a command being sent in response 

to status received for the immediately preceding com 
mand. The channel may set the SYR bit to one only When 

the CH bit is set to one and the DU bit is set to Zero in the 

command header. REPEAT EXECUTE (REX): The REX 
?ag, bit 6, When set to one, indicates that the channel is 
requesting the control unit to perform the transfer-in 
channel function by repetitively executing the command 
in the command header. The channel sets the REX bit for 

a command only When the CCW containing the command 
has the CC bit set to one, the CD bit set to Zero, and the 

next CCW (the one to Which chaining Will occur) contains 
a transfer-in-channel command and an address of the 

previous CCW. When the control unit recogniZes this 
indication, re-execution of the current command is per 
formed until one of the folloWing conditions occur: 

1. Execution of the command results in status of other 
than channel end and device end alone being recog 
niZed. 

2. Execution of the command has been performed 128 
times. 

3. Execution of the command is terminated by a cancel, 
selective reset, or system reset. 

When an execution of the command results in status of 
channel end, device end, and status modi?er alone being 
recogniZed, chaining to the next command occurs at the 
control unit. 
When re-execution of the command is performed 128 

times Without status other than channel end and device end 
alone being recogniZed, re-execution of the command is 
terminated and the status recogniZed for the last execution of 
the command is sent to the channel. 
When execution of the command results in status of other 

than channel end and device end alone or channel end, 
device end, and status modi?er being recogniZed, 
re-execution of the command is terminated at the control 
unit and status is sent to the channel. 
SYNCHRONIZE SEND STATUS (SSS): The SSS ?ag, bit 

7, When set to one, indicates that the channel has recog 
niZed a condition requiring synchroniZation with U0 
execution at the control unit and is requesting the control 
unit to generate and present status at the completion of the 
I/O operation for this command IU. In the case of normal 
completion and When channel-end status is not accompa 
nied by device-end status, the control unit sends a status 
DIB containing device-end status When the I/O operation 
has been concluded at the device. The folloWing are the 
conditions for Which the channel sets the SSS ?ag to one 
for the current command: 



US 6,687,766 B1 
19 

1. The next command to be sent to the control unit is a 
NOOP Without chaining. 

2. The prefetch control bit is set to one, the synchronize 
control bit in the ORB is set to Zero, the current 
command being sent to the control unit is for a Write 
operation, and the next command to be sent to the 
control unit is for a read operation. 

3. The SSS ?ag may be set to one depending on the setting 
of the prefetch control bit and conditions at the channel. 

COMMAND-DATA DIB STRUCTURE 

A command-data DIB is sent only in a command IU by 
the channel. It is used to transfer both information associated 
With the current CCW for Write commands With a nonZero 
CCW count and all or some portion of the data associated 
With the command. 

A command-data DIB contains a command header, LRC, 
and a DIB-data ?eld. The format of the command header is 
the same as that of a command DIB. The DIB data ?eld is 
a maximum of 4224 bytes. If the CCW count for the 
command is 4224 bytes or less, all of the data for the 
command is sent in the DIB-data ?eld. If the CCW count for 
the command is greater than 4224 bytes, 4224 bytes are sent 
in the DIB-data ?eld and the remaining data is sent in one 
or more data IUs. 

The data byte count, bytes 2 and 3 of Word 2, of the 
command header specify the number of data bytes contained 
in the DIB-data ?eld. (See “DIB Data Byte Count.”) 

DATA DIB STRUCTURE 

Adata DIB is sent only in a solicited data IU by either the 
channel or control unit. For a Write operation, the channel 
uses one or more data IUs containing a data DIB to transfer 

any remaining portion of data not sent in the command-data 
DIB. When the quantity of data to be sent for a Write 
operation exceeds the maximum number of bytes that can be 
sent in an IU, the channel sends a command IU containing 
a command-data DIB for the command and the maximum 
number of bytes alloWed; folloWed by one or more data IUs 
until either the quantity of data speci?ed by the CCW count 
is satis?ed or an early end condition is recogniZed. 

For a read operation, the control unit uses one or more 
data IUs containing a data DIB to transfer to the channel the 
data for the read command. When the quantity of data to be 
sent requires more than one data IU, the control unit sends 
a data IU folloWed by one or more additional data IUs until 
one of the folloWing occurs: 1) the quantity of data speci?ed 
by the CCW count is satis?ed, 2) an early end condition is 
recogniZed, or 3) a condition requiring status to be sent is 
recogniZed. All data IUs contain the maximum number of 
bytes, 4224, except the last data IU sent for a CCW Which 
may have feWer than 4224 bytes. When the last data IU for 
the current CCW contains more than 4220 bytes of data, 
CRC for the data can not be included in the data DIB and 
must be sent in a data DIB by itself. This data DIB 
containing the CRC is sent in a data IU folloWing the last 
data IU containing data. The byte count is set to Zero and the 
DIB data ?eld contains only the four-byte CRC. 

The CCW number and token provided in the IU header of 
each data IU sent is the same as that provided in the 
command IU. 
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DATA HEADER 

The data header is the ?rst 12 bytes of a data DIB. The 
data header has the folloWing format: 

0 : Reserved : 

l- ------------------------------------- --i 

1 : Reserved 5 

:' - - - - - - - - - -| - - - - - - - - - |- - - - - - - - - - - - - - - - - - - 

2 iReserved : IU : Data 5 
: 5 Count 5 Byte Count : 

O 16 31 

Word 0, Word 1, and byte 0 of Word 2 are reserved and set 
to Zero by the sender and ignored by the recipient. 

STATUS DIB STRUCTURE 

A status DIB in a data IU is sent only in either a solicited 
data IU or unsolicited data IU by a control unit. It is used to 
transfer status, With or Without supplemental status, to the 
channel. A solicited data IU containing a status DIB may be 
sent in direct response to a command IU, or certain control 
IUs With one of the folloWing control functions speci?ed: 
request status, accept command response, selective reset, 
and a cancel that initiates an exchange pair. Additionally, a 
solicited data IU containing a status DIB may be sent during 
the data transfer portion of an exchange. 
An unsolicited data IU containing a status DIB is used to 

present asynchronous status or any status that initiates a 
connection and is not sent in direct response to an IU 
received from the channel. 

After sending a data IU containing a status DIB, the 
control unit discards all command and data IUs associated 
With that device address and control unit image, either 
queued at the control unit, or received from the channel, With 
the SYR bit set to Zero. Acceptance may be indicated 
explicitly When the control unit receives a status accepted IU 
or it may occur implicitly When the control unit receives a 
command IU With the SYR bit in the command header set 
to one. When any of the folloWing conditions exist, status is 
sent to the channel at the completion of the current I/O 
operation at the control unit: 

1. The SSS command ?ag bit is set to one. 

2. The CC ?ag bit is set to Zero 

3. The ?rst command of the channel program is executed 
as an immediate operation. 

4. The CC ?ag bit is set to one and the SL1 ?ag bit is set 
to Zero and an incorrect length condition is detected. 

5. The CC ?ag bit is set to one, both the SL1 ?ag bit and 
COC command ?ag bit are set to Zero, the CCW count 
is nonZero, and the command is executed as an imme 
diate operation. 

6. When the REX bit is set to Zero, and status other than 
channel end (With or Without device end) is recogniZed. 

7. When the REX bit is set to one, and the command has 
been executed 128 times. 

8. When the REX bit is set to Zero, and status of channel 
end (With or Without device end) is recogniZed, and 
conditions at the control unit require a disconnection 
from the channel to suspend the transferring of com 
mand IUs and data IUs. 

If none of the above conditions exist, status is not sent and 
chaining at the control unit is permitted. Additionally, status 
is not sent if during an existing exchange any previously sent 
status has not yet been accepted by the channel. 
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STATUS HEADER 

The status header is the ?rst 12 bytes of a status DIB. The 
status header has the following format: 

0 f ' Stat-u-s -S-tafu-s- 'i "" ' 'sEEds "" ' : Flags I : Parameters : 

______________ __|._______________. 

1 i Queuing Time : Defer-Time i 
i : Parameter : 
i‘ """ ' ' r """ ' ‘I’ """"""" ' ' l 

2 : Reserved : IU I Supplemental I 

i 5 Count I Status Byte Count: 

0 1 6 31 

Status-Flag Field 

Byte 0 of Word 0 of the status header contains the status 
?ags. The status-?ag ?eld is used to provide additional 
information to the channel concerning the conditions that 
Were present at the control unit When status Was generated 
and conditions that pertain to the status DIB. These ?ags 
assist the channel in determining hoW to handle the status 
DIB and What status, if any, to report. The status-?ag ?eld 
has this format: 

Flag-Field Code (FFC): The FFC, bits 0—2, is a three-bit 
encoded ?eld that either in conjunction With or independent 
of the other status ?ag bits further describes the status 
information contained in the status byte or the status 
parameter ?eld or both. The ?ag-?eld code assignments are: 

000 No Function. The status byte and status-parameter 
?eld are not affected by this FFC code. 

001 Queuing Information Valid. The queuing time ?eld 
contains control-unit queuing information. This code is 
set by the control unit and checked by the channel only 
during the presentation of device-end status during a 
reconnection for an I/O operation. 

010 Resetting Event. A resetting-event condition eXists 
for the logical path and the device for Which unit-check 
status is being presented. This code is permitted only 
When unit-check status is presented for a resetting 
event condition and then only as initial status in 
response to a command IU for the ?rst command of the 
channel program. 

011—111 Reserved. 
CHANNEL INITIATED (CI): The CI bit, bit 3, When set to 

one, indicates that this solicited data IU containing a 
status DIB is in direct response to a control IU indicating 
selective reset With either a request for retry or a request 
for unit check. 

SUPPLEMENTAL STATUS AVAILABLE (SA): The SA 
bit, bit 4, may optionally be used by the control unit to 
indicate that supplemental status associated With the cur 
rent status is available. The SA bit is used only When 
unit-check status is indicated. 

COMMAND RETRY (CR): The CR bit, bit 5, When set to 
one, is used to request command retry if the status byte 
also contains retry status. 
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LONG RECORD (LR) The LR bit, bit 6, When set to one, 

indicates that a long-record condition Was detected by the 
control unit; that is, additional data Would have been sent 
to the channel or Written to the device beyond the data 
provided for the current command. The LR bit may be set 
to one by the control unit only When the channel-end 
status bit is set to one. 

RESIDUAL-COUNT VALID BIT (RV) The RV bit, bit 7, 
When set to one, indicates that the status-parameter ?eld 
contains the residual count. For Write commands, the 
residual count is equal to the difference betWeen the CCW 
count for the Write command and the number of bytes 
actually Written to the device. For read commands, the 
residual count is the difference betWeen the CCW count 
and the number of bytes actually read from the device and 
transferred to the channel. The RV bit may be set to one 
by the control unit only When the channel-end status bit is 
set to one. Status Byte: Byte 1 of Word 0 contains the 
status byte. The status byte indcates device and control 
unit status. The status byte has this format: 

: Status 5 

a . . 
: Position : Description 

"""" "imllit'eilli'oll """" " I 

E 1 E Status modifier E 
E 2 i Control-unit end E 
i 3 E Busy i 
E 4 E Channel end i 
E 5 i Device end E 
E 6 i Unit check E 
i 7 5 Unit exception E 

For more information on status bits, see IBM ESA/390 
Common I/O-Device commands, SA22-7204. 
Status-Parameter Field 
The status-parameter ?eld, bytes 2 and 3 of Word 0 of the 

status header, is a 1 may contain either a residual count or 
a pacing parameter. The pacing parameter is provided in the 
status parameter ?eld When status is presented for the ?rst 
command of a channel program, or, When presenting device 
end in order to reconnect When the chaining condition is set. 
In the former case of presenting channel end plus device end 
status in response to an immediate command, the status 
parameter ?eld contains the pacing parameter so this ?eld is 
not available to carry the residual count. If the conditions are 
such that the pacing parameter is not present and the RV bit 
is set to Zero, the control unit sets the status-parameter ?eld 
to Zero, and the channel receiving the status DIB ignores the 
status-parameter ?eld. 
RESIDUAL COUNT—The residual count is a 16-bit 

unsigned binary number that represents the difference 
betWeen the CCW count for a command and the quantity 
of data actually transferred either from or to the device for 
that command. The residual count is alWays equal to or 
greater than Zero.: For Write commands, the residual count 
is equal to the difference betWeen the CCW count of the 
Write command and the number of bytes actually Written 
to the device. For read commands, the residual count is 
the difference betWeen the CCW count and the number of 
bytes actually read from the device and transferred to the 
channel. The residual count is meaningful only When the 
residual-count-valid (RV) bit is one. 
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PACING PARAMETER 

The pacing parameter is an eight-bit value that is carried 
in the least signi?cant byte of the status parameter ?eld. 

The pacing parameter is set by the control unit to indicate 
to the channel the maximum number of IUs a channel may 
send per outbound exchange before it receives a command 
response IU Which alloWs the control unit to allocate 
resources fairly among multiple channel programs that may 
be executing concurrently. 
Queue-Time Parameter 

Bytes 0 and 1 of Word 1 contain the queue-time parameter 
(QTP). Queue time represents the time the I/O operation is 
queued at the control unit. When control unit queuing is 
provided, I/O operations speci?ed by the channel program 
are executed up to a point Where the I/O resources are 
unavailable to execute an I/O operation in that channel 
program (such resources Would typically be in use executing 
I/O operations speci?ed in other channel programs). 
Defer-Time Parameter 

Bytes 2 and 3 of Word 1 contain the defer-time-parameter 
(DTP). Device-defer-time is accumulated by the control unit 
Whenever ongoing channel program execution needs to be 
temporarily delayed because a device-dependent action 
needs to be performed. 

SUPPLEMENTAL STATUS FIELD 

Supplemental status, When present, provides additional 
information concerning conditions at the control unit or 
device for Which status information is being provided. 
Supplemental status exists only for unit-check status. When 
supplemental status is included in a status DIB, it is sent in 
the supplemental-status ?eld. When supplemental status is 
not included in the status DIB With its associated status 
information, the supplemental status is held by the control 
unit until it is retrieved or reset by the channel. 

CONTROL DIB STRUCTURE 

A control DIB is sent only in a control IU by either a 
channel or control unit. It is used to transfer control infor 
mation necessary for the execution of an I/ O operation or for 
device-level recovery. The structure of the control IU and its 
DIB is shoWn in this application. The control DIB consists 
of a 12-byte control header and a four-byte LRC. 

CONTROL HEADER 

The control header is the ?rst 12 bytes of a control DIB. 
The control header contains information indicating the con 
trol function to be performed and, for some functions, the 
parameters needed to perform the speci?ed function. The 
control header consists of a one-byte control-function ?eld, 
a three-byte control-parameters ?eld, IU count ?eld, and 
reserved bytes. The format of the control header is as 
follows: 

0 5 Control I? Control : 
: Function -' Parameters : 
L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ..= 

1 : Reserved 5 
-. ........ ........ .................. -.: 

2 : Reserved : IU I Reserved 5 
i I: Count :I : 
O 7 15 31 
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EXAMPLE 10 

Control Header 

Word 1 and bytes 0 and 2—3 of Word 2 are reserved and 
set to Zeros by the sender and ignored by the recipient. 

Control Function and Control Parameters 

The ?rst byte immediately folloWing the IU header con 
tain the control function, Which is interpreted in conjunction 
With the bits in the device-header ?eld of the IU header to 
determine the device-level function to be performed and the 
format of the control-parameter ?eld. A summary of the 
functions represented by coding of bits 0—4 of the control 
function ?eld is shoWn in the folloWing Example: 

Bits" 

Control 
0 1 2 3 4 Function 

0 O O O O Multipurpose 
O O O 1 0 Command response 
0 O 1 O O Stack status 
0 O 1 1 O Cancel 
O 1 O O 0 System reset 
0 1 O 1 O Selective reset 
0 1 1 1 0 Request status 
1 O O O O Device-level exception 
1 O 1 O 0 Status accepted 
1 O 1 1 O Device-level 

acknowledgment 
1 1 O O 1 Purge path 
1 1 O 1 O Purge path response 

EXPLANATION: 
*All combinations of bits 0—4 that are not listed are reserved. 

EXAMPLE 11 

Summary of Device-Level-Control Functions 

For all control DIBs, bits 5, 6, and 7 of the control 
function ?eld are set to Zeros by the sender. The table in 

Example 12 provides a de?nition, in summary form, of the 
IUI bits and device-header ?ag bits for the various control 
functions. Control IUs are sent as either FC-2 solicited or 

FC-2 unsolicited control information categories. A control 
IU that initiates a connection is sent as an unsolicited control 

information category. A control IU that does not initiate a 
connection that is sent during an existing connection is sent 
as a solicited control information category. The sections 

folloWing Example 12 describe each control function and 
any control parameters required. 
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Device-Header 
IUI Flag Bits Ctrl 

3 4 5 6 7 0 1 2 3 4 Parm. 
Control Fnctn O 1 2 AS ES T3 T2 T1 E EC RDY CH EE 5 6 7 From F/M/L Field 

Multipurpose 
Accept cmnd O O O 1 Z O 1 1 Z Z 1 Z Z Z Z Z CH M Z 

response 
Control End 0 O O 1 Z O 1 1 Z Z Z Z 1 Z Z Z CH M Z 

Cmnd response 0 O O 1 Z O 1 1 Z Z Z Z Z Z Z Z CU F/M @ 

Stack status 0 O O X Z O 1 1 Z Z Z Z Z Z Z Z CH F&L/L Z 

Cancel O O O 1 Z O 1 1 Z Z Z Z Z Z Z Z CH F/L Z 

System reset 0 O O 0 Z O 1 1 Z Z Z Z Z Z Z Z CH F/L Z 

Seltve reset 0 O O 1 Z O 1 1 Z Z Z Z Z Z Z Z CH F/L 6 

Request stat O O O 1 X 0 1 1 Z Z Z Z Z Z Z Z CH F/M Z 

Device-level O O O 1 Z O 1 1 Z 1 Z Z Z Z Z Z CU F&L/L $ 

exception 
Address 
exception 
Stat accepted 0 O O X Z O 1 1 Z Z Z X Z Z Z Z CH F&L/M/L Z 

Device-lvl ack O O O X Z O 1 1 Z X Z Z Z Z Z Z CU F&L/M/L Z 

Purge path 0 O O 1 Z O 1 1 Z Z Z Z Z Z Z Z CH F Z 

Purge path 0 O O 1 Z O 1 1 Z Z Z Z Z Z Z Z CU F&L Z 

response 

EXPLANATION: 
@ Includes pacing parameters in control-parameter ?eld 
6 Includes modi?er bits in control-parameter ?eld 
35 Includes exception code in control-parameter ?eld 
F Start neW exchange pair. (First IU of exchange pair.) 
M Middle IU of exchange. (Exchange pair remains.) 
L Last IU of exchange-—exchange pair removed 
F&L Both ?rst and last IU of exchange. 
F/M/L First, Middle, or Last sequence of exchange. 
CH Channel sends IU to control unit. 
CU Control unit sends IU to channel. 
X Bit is set to one or Zero as appropriate for conditions 
Z Bit or ?eld is alWays set to Zero by the sender and is ignored by the recipient. 
0 Bit is alWays set to Zero and is checked for Zero. 
1 Bit is alWays set to one and is checked for one. 

EXAMPLE 12 

Summary of Control IUs 
Multipurpose Control Function 

The multipurpose control function is used to perform a 
device-level control function that is determined solely by the 
device-header ?ag bits, in conjunction With the context in 
Which the IU is received. The following functions are 
indicated by a multipurpose control function: 

1. Accept command response 
2. Control End 

For a multipurpose control function, the control parameter 
?eld of the control header is set to Zero by the sender. The 
setting of the bits in the IUI ?eld and the device-header ?ag 
?eld depend on the function being indicated by the multi 
purpose control function and the context in Which it Was 
received. The folloWing are descriptions of the different 
control functions that can be indicated using the multipur 
pose control function: 

ACCEPT COMMAND RESPONSE 

When the channel uses a multipurpose control function in 
response to a command response for the ?rst command of 
the channel program, the channel is indicating that the 
command response is accepted and the control unit can 
proceed With execution of the I/ O operation. For brevity, the 
multipurpose-control function When used in this Way is 
referred to as an accept command response and a control IU 
indicating accept command response is referred to as an 
accept-command-response IU. 
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CONTROL END: The channel uses the multipurpose con 
trol function With the EE bit set to one, to indicate control 
end as the result of the channel being unable to perform 
a command update for data chaining. For brevity, the 
multipurpose control function When used in this Way is 
referred to as a control end and a control IU indicating 
control end is referred to as a control-end IU. 
The AS bit is alWays set to one for a control-end IU. 
When the channel sends a control-end IU, it is indicating 

that, as a result of an abnormal condition, the transfer of the 
command update for data chaining Was suppressed at the 
channel and that no more data Will be sent for the current 
Write operation. A control-end IU sent by the channel 
requires a status response from the control unit. The sending 
of additional IUs by the channel is held in abeyance until the 
required response is received. 
A control unit that receives a control-end IU continues to 

execute the Write operation With the device until the condi 
tions for ending an I/ O operation are met and then it transfers 
status to the channel. The status DIB carries the residual 
count for the current CCW being executed When the control 
end IU Was received. 
A control-end IU requires both a valid CCW number and 

valid token. The CCW number used is the value the channel 
Would have sent in the command update had it been able to 
perform the data chain. The token assigned is model depen 
dent. 
Command Response 
A control unit uses a command-response function to 

indicate that a command IU it received has been accepted for 
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execution. For brevity, a control IU indicating command 
response is referred to as a command-response IU. A 
command-response IU is sent only by a control unit. A 
control unit sends a command response IU only under the 
following conditions: 
When the control unit intends to start execution of the ?rst 

command of the channel program and it is to be executed as 
a non-immediate command. 
When the control unit has started execution of a 

command, other than the ?rst command of the channel 
program, for Which the PCI bit in the command header is set 
to one. 

A command response IU alWays requires a valid CCW 
number and token, Which is the CCW number and token 
received With the command for Which the command 
response is being sent. 
When the command response IU is sent in response to the 

?rst command of a channel program, the least signi?cant 
byte of the control parameters ?eld contains the eight-bit 
pacing parameter. (See “Pacing Parameter.”) 
Stack Status 

The channel uses the stack-status function to indicates 
that status is not accepted. The control unit or 1/0 device is 
to hold the status information (status ?ags, status byte, and 
status parameter) and associated supplemental status, if any, 
until the status is requested by a request-status IU, until the 
status is presented as the response to a command IU, or until 
the status information is cleared or WithdraWn. For brevity, 
a control IU indicating stack status is referred to as a 
stack-status IU. 
Cancel IU 

The channel uses the cancel function to cause the control 
unit to terminate or nullify the current I/O operation, if any, 
for the speci?ed device. (See “Cancel Function.”) For 
brevity, a control IU indicating cancel, is referred to as a 
cancel IU. 
A cancel IU is sent only by the channel and When 

recogniZed by a control unit the response sent is a DACK. 
A cancel IU requires a valid token but does not require a 

valid CCW number. 
System Reset 

The channel uses the system reset function to cause the 
control unit and associated devices to be reset With respect 
to the logical path on Which the function Was received. (See 
“System-Reset Function.”) For brevity, a control IU indi 
cating system reset is referred to as a system-reset IU. 
A system reset IU is sent only by the channel and When 

recogniZed by the control unit the response sent is a DACK. 
A system reset IU requires a valid token but does not 

require a valid CCW number. The CCW number ?eld for a 
system reset IU is meaningless and not checked. The token 
?eld for a system reset IU is not checked by the recipient. 
The token value received in the system reset IU, is returned 
in the DACK response. 
Selective Reset 

The channel uses the selective-reset function to cause the 
control unit to end execution of the current operation, if any, 
for the speci?ed device, and, depending on the bits Within 
the control-parameter ?eld, to perform one of the folloWing 
functions: 

Selective reset 

Channel-initiated retry 
Channel-initiated unit check 

A selective reset IU is sent only by the channel. 
Request Status 

The channel uses the request-status function to indicate 
that the channel is prepared to have status information 
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presented for the addressed device for Which status is 
pending. (See “Stacking Status Function” and “Request 
Status Function.”) For brevity, a control IU indicating 
request status is referred to as a request-status IU. 

Arequest-status IU is sent only by the channel. The AS bit 
is set to one in a request-status IU. 
Device Level Exception 
A control unit uses the device-level-exception function to 

indicate that an abnormal condition Was recogniZed in the IU 
received for Which the sending of status is inappropriate or 
not permitted. The abnormal condition is indicated by the 
exception code present in the ?rst byte of the control 
parameter ?eld. For brevity, a control IU indicating device 
level exception is referred to as a device-level-exception IU. 
A device-level-exception IU is sent only by a control unit. 

Status Accepted 
The channel uses the status-accepted function to indicate 

that the status received in a status DIB Was accepted. For 
brevity, a control IU indicating status accepted is referred to 
as a status-accepted IU. 

Astatus-accepted IU is sent only by the channel and When 
recogniZed by the control unit the response sent is a DACK. 
Device-Level Acknowledgment (DACK) 
A control unit uses a device-level acknoWledgment 

(DACK) function to indicate acceptance of a stack-status IU, 
cancel IU, system reset IU, selective reset IU, request-status 
IU, or status-accepted IU and that the requested function Was 
or Will be performed. For brevity, a control IU indicating a 
device level ACK is referred to as a DACK IU. 
A device level acknoWledgment is sent only by a control 

unit. 
A DACK IU sent in response to a request-status IU Which 

initiated a connection indicates that the requested function 
Was or is to be performed. If the channel recognizes a DACK 
IU in response to a request-status IU Which does not initiate 
a connection, the channel detects a device-level protocol 
error. 

Purge Path 
A channel uses the purge path function as part of device 

level recovery in order to purge the transmit-receive path of 
any residual IUs associated With the logical path and device 
for Which recovery is being performed. For brevity, a control 
IU indicating purge path is referred to as a purge path IU. 
A purge path IU is sent only by a channel and When 

recogniZed by a control unit the response is a purge path 
response IU. 
Apurge path IU requires a valid token but does not require 

a valid CCW number. The CCW number ?eld for a purge 
path IU is meaningless and not checked. The token value 
received in the purge path IU is returned in the token ?eld 
of the purge path response IU. 
A purge path IU is sent as the ?rst sequence of an 

outbound exchange as an unsolicited control FC-2 informa 
tion category. 
Purge Path Response 
A control unit uses the purge path response function to 

indicate receipt and recognition of the purge path function. 
For brevity, a control IU indicating purge path response is 
referred to as a purge path response IU. 
Apurge path response IU is sent only by a control unit in 

response to a purge path. 
A purge path response IU is sent as a solicited control 

FC-2 information category, and is sent as the ?rst and last 
sequence of the exchange. 

LINK-CONTROL DIB STRUCTURE 

A link-control DIB is sent in a control IU by the channel 
or control unit. It is used to transfer SB-2 link-level infor 
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mation. A control IU containing a link-control DIB is 
referred to as a link-control IU. A link-control IU is used to 
perform the following link-level functions: 

establish a logical path, 
remove a logical path, 

exchange ID, 
test initialiZation, 
and to transfer incident information. 
A link-control DIB contains a link header, an LRC, and 

for some functions a link payload With its associated CRC. 

LINK HEADER 

The link header is generated by the channel or a control 
unit and it appears immediately after the IU header of either 
a solicited or unsolicited control IU. The link header con 
tains information indicating the link-control function to be 
performed and, for some functions, the parameters needed to 
perform the speci?ed function. The link header consists of a 
one-byte link-control-function ?eld, a tWo-byte link-control 
information ?eld, a one-byte IU count, a tWo-byte link 
payload byte count, and reserved bytes. The format of the 
link header is as folloWs: 

0 :riéééRfJf "ii?f";'"fi?1§ Co-rit-ml- ' 'i 
l I Control : Information : 
:- _ _ _ _ _ _ _ _ I. _ _ _ _ _ _ _ _ I. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ : 

1 : Reserved : 

Ir - - - - - - - - I‘ - - - - - - - - 'l' - - - - - - - - - - - - - - - : 

2 : Reserved 5 IU 5 Link Payload i 
l : Count : Byte Count : 

O 16 31 

EXAMPLE 13 

Link Header 

Byte 0 of Word 0, Word 1, and byte 0 of Word 2 are 
reserved and set to Zero. 

A link-control function When sent as a request by the 
channel requires a valid token and When sent as a request by 
a control unit, the token value is meaningless and not 
checked by the channel. A link control response sent by a 
control unit uses the token and CCW number from the IU to 
Which it is being sent in response. A link control response 
sent by a channel does not use the token and CCW number 
from the IU to Which it is being sent in response. 
Link-Control Information 

The link-control information ?eld, bytes 2 and 3 of Word 
0, contain additional parameters necessary in order to per 
form the link-control function speci?ed by bits 0—4 of byte 
1 of Word 0. The parameters are determined by the link 
control function speci?ed. 

The parameters associated With a link-control function are 
contained in the ?rst byte of the link-control information 
?eld, byte 2 of Word 0. The second byte of the link-control 
information ?eld, byte 3 of Word 0, is alWays set to Zero. 

LINK PAYLOAD 

The link payload is a variable length ?eld With a maxi 
mum length of 4220 bytes. 

III. DEVICE-LEVEL FUNCTIONS AND 
PROTOCOLS 

This section describes the functions and protocols neces 
sary for the execution of an I/O operation and the exchange 
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of control information. These functions depend on the 
successful completion of all FC-PH protocols. 
A. DEVICE-LEVEL OPERATIONS 

Initiation of an I/O operation, the transfer of data, and the 
ending of an I/ O operation are device-level operations Which 
rely on SB-2 device-level functions and protocols. The 
device-level functions discussed in this section have all been 
de?ned in “SB-2 Information Units.” This section describes 
hoW these functions are used in order to perform device 
level operations. 
B. CHANNEL PROGRAM EXECUTION 
Achannel may concurrently execute one or more channel 

programs on the same or different logical paths. Each 
channel program executed by a channel is for a different 
device and requires a different exchange pair to be used. The 
number of channel programs that may be concurrently 
executed by a channel is model dependent. 
NOTES: 

1. The fetching of CCWs for the purpose of initiating 
multiple I/O operations With a device requires that the 
prefetch control (P) bit in the ORB be set to one. 

2. When the channel fetches from storage and sends to the 
control unit the information contained in a CCW, that CCW 
is considered the current CCW at the channel. This process 
is referred to as the execution of the current CCW. 

3. CCWs that are executed by the channel With the 
sending of a command IU to the control unit are considered 
active at the channel until an indication is received that 
CCW has been executed at the device. The term “active” in 
this case means that the channel must be capable of making 
that CCW current again. Once the channel has received a 
positive indication that a CCW has been executed at the 
device, that CCW can be retired and considered no longer 
active. 

4. The CCW number assigned to a CCW that is consid 
ered no longer active at the channel may be reassigned. 
C. INITIATING AN I/O OPERATION 
An I/O operation is initiated With an device When the 

channel transfers the command from the current CCW to 
that device. The command is transferred in the command 
header of a command IU. (See “Command Header”) A 
channel executing a channel program may concurrently 
initiate multiple I/O operations With the same device. Each 
I/O operation consists of the transfer of a command in a 
command IU containing either a command DIB or a 
command-data DIB and, in the case of a Write operation With 
a nonZero CCW count, the transfer of data in a data IU. A 
control unit that receives one or more command IUs, each 
initiating an I/O operation, executes each command in the 
order in Which it is received from the channel. Execution of 
the command ?rst requires acceptance of the command at 
the control unit. When a command is accepted, that com 
mand is considered current at the control unit until execution 
at the device is considered completed. 

DATA-TRANSFER PROTOCOL 

Data is transferred betWeen the channel and the control 
unit as part of the execution of an I/O operation. The transfer 
of data from the channel to the control unit is a Write 
operation. The transfer of data from the control unit to the 
channel is a read operation. The operation, read or Write, is 
determined by the current command. Read commands have 
bit 7 of the command byte set to Zero, and Write commands 
have bit 7 of the command byte set to one. 
Some read and Write commands do not result in the 

transfer of data. These commands are executed as immediate 
operations, are designed to be executed Without transferring 
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data, have counts of Zero in the CCW, or have data-record 
lengths of Zero. (See “Initiating an I/O Operation” for the 
protocols used When the command is executed by the control 
unit as an immediate operation. See “Zero CCW Count” for 
the protocols used When the CCW count is Zero.) 
When, for ?rst command of a channel program With a 

nonZero CCW count, the data-record length at the control 
unit is Zero but the command is not accepted as an imme 
diate operation, a command response IU is sent to the 
channel. FolloWing receipt of the accept command response, 
status containing channel end With or Without device end is 
sent to the channel, the residual-count-valid bit is set to one, 
and the residual count ?eld contains the CCW count 
received With the command. For this case, if the command 
is a read command, no data is transferred to the channel. If 
the command is a Write command and data Was sent With the 
command, the data is discarded by the control unit. When, 
for a command other than the ?rst command of a channel 
program With a nonZero CCW count, the data record length 
at the control unit is Zero, a command response IU is sent to 
the channel only if the PCI ?ag is set to one for the 
command. If conditions at the control unit require the 
sending of status to the channel, status is sent after any 
command response that may be required. In this case the 
residual counts and data transfer rules for the ?rst command 
of a channel program apply. If the conditions at the control 
unit do not require the sending of status and chaining is to 
take place at the control unit, only a command response, if 
requested is sent; otherWise, nothing is sent to the channel. 

Data is transferred from the channel to the control unit in 
a command-data DIB sent in a command IU or data DIB sent 
in a data IU. Data is transferred from the control unit to the 
channel only in a data DIB. See “Command-Data DIB 
Structure” and “Data DIB Structure” for the maximum DIB 
siZes. The quantity of data transferred for an I/O operation 
is determined by the count in the CCW for the operation or 
the data required by the device for the current command, 
When less than the CCW count. For each CCW that results 
in a command IU being sent to the control unit, the CCW 
count is included in the command header. For a Write 
operation, the CCW count is used by a control unit to 
determine the quantity of data to expect from the channel. 
For a read operation, the CCW count is used by the control 
unit to determine the quantity of data that can be sent to the 
channel. For both a read and Write operation the CCW count 
is used by the control unit to determine the residual count to 
be returned to the channel, if status is to be presented, and 
it is used in conjunction With the CCW ?ags and command 
?ags, to determine if chaining is to occur. 
Write Operation: 

AWrite operation is the transfer of data from the channel 
to the control unit as part of the execution of a command that 
has bit 7 set to one. 

For a Write operation With a nonZero CCW count, the 
channel sends the command and the data for the command 
in a command data DIB. If the quantity of data speci?ed by 
the count for the current CCW exceeds the maximum 
alloWable DIB siZe (see “Command-Data DIB Structure”), 
the remaining data is sent in data DIBs (see “Data DIB 
Structure”) until all of the data speci?ed by the CCW count 
is sent. If all of the data speci?ed by the CCW count is sent, 
the E bit is set to one in the last IU sent containing the CRC. 
If all of the data speci?ed by the CCW count is not sent, the 
EE bit is set to one in the last IU sent containing the CRC. 
When, during a Write operation, the channel is able to 

send some but not all of the data for a CCW, the EE bit is 
set to one in the last IU sent. The channel, for the affected 
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channel program, suspends sending IUs to the control unit 
until status is received. 
When status is received, the channel may or may not 

resume execution of the channel program With the control 
unit, depending on the contents of the status DIB and 
conditions at the channel. 
When, during a Write operation, the channel is unable to 

send any of the data speci?ed for a CCW, the EE bit is set 
to one for the command data DIB, the command header 
contains the required information for the CCW, and only the 
initialiZed value of the CRC generator is sent in the DIB data 
?eld. 
When, for a Write operation, the quantity of data required 

by a device is equal to or greater than the CCW count, the 
resulting residual count is Zero. If the quantity of data 
required by the device is less than the CCW count, the 
resulting residual count is the difference betWeen the data 
required and the CCW count. 
When, at the end of a Write operation, status including 

channel end is sent to the channel, the residual count 
calculated is included in the status DIB. If the quantity of 
data required by the device, is greater than the CCW count 
the LR status ?ag is also set to one to indicate that the device 
Would have used more data had it been provided. 
When the quantity of data received by the control unit for 

a Write operation is less than the quantity speci?ed by the 
CCW count and the EE bit is set to one in the last IU 
received, the I/O operation is executed and the data received, 
if any, is used by the device. 

If the quantity of data required by the device is exactly 
equal to the quantity of data received, the E bit is set to one 
for the status DIB sent. If the quantity of data required by the 
device is either less than or greater than the quantity of data 
received, the E bit is not set to one for the status DIB sent; 
CRC is checked on the entire amount of data received. 
Read Operation: 
A read operation is the transfer of data from the control 

unit to the channel as part of the execution of a command 
that has bit 7 set to Zero. For a read operation the channel 
sends the command to the control unit in a command DIB in 
a command IU. The CCW count and CCW ?ags for the 
command are included in the command header. 
When, for a read operation, the quantity of data sent to the 

channel exactly equals the count for the current CCW, the 
resulting residual count is Zero and the E bit is set to one in 
the last data IU sent for that CCW. 

If the quantity of data sent to the channel is less than the 
count for the current CCW, the resulting residual count is the 
difference betWeen the quantity of data sent to the channel 
and the CCW count and the E bit is set to Zero and the EE 
bit is set to one in the last data IU sent for that CCW. 

If the control unit Would have transferred more data to the 
channel had a larger count been provided or data chaining 
indicated, the resulting residual count is Zero and the E bit 
is set one in the last data IU sent for that CCW. 
When, at the end of a read operation, status including 

channel end is sent to the channel, the residual count 
calculated is included in the status DIB. If the quantity of 
data sent to the channel by the device, is exactly equal to the 
CCW count but the device Would have sent more data had 
a larger CCW count been provided, the LR status ?ag is also 
set to one. 

Data Chaining 
When there are successive CCWs to be executed by the 

channel for a single I/O operation, the execution of these 
CCWs is referred to as data chaining. When each CCW 
associated With a channel program becomes the current 
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CCW being executed, the channel indicates to the control 
unit the initiation of a data chaining operation by transfer 
ring a command-IU containing the chain-data ?ag, CCW 
count, and other ?ags associated With the CCW. Subsequent 
lUs containing data DIBs may also be transferred, either by 
the channel or control unit, depending upon Whether input or 
output Was speci?ed in the command IU initiating the I/O 
operation. 
When execution of the current CCW is completed and the 

chain-data ?ag is set to one, data chaining takes place, 
provided no abnormal conditions are detected and all other 
conditions for data chaining are satis?ed. 

Data chaining can occur only When the CD bit Was set to 
one for the current CCW. When data chaining takes place, 
the command IU is used to update the ?ags and count held 
at the control unit, the chaining bit (CH bit) of the device 
header ?ag ?eld and the data-chaining-update (DU) ?ag of 
the command-?ag ?eld are both set to ones. 

If the control unit has received a command IU With the 
DU ?ag bit and the CH bit set to ones, if the control unit has 
the data-chaining condition set, and if the chain-data bit Was 
set to one in the previous command IU, then the command 
?ags and count from the command IU are accepted and 
become the current ?ags and count controlling the I/O 
operation. 

The chain-data bit in the CCW-?ag ?eld of the command 
IU indicates there is a subsequent count and command-?ag 
update for the device that Will immediately folloW the 
execution of the current command IU, provided that no 
abnormal conditions are encountered. 

In some cases While data chaining, the channel may 
request the transfer of status When the last CCW of a data 
chain is executed. The channel does this by setting the SSS 
bit to one signalling the control unit to provide ending status 
in an IU containing a status DIB When the I/O operation has 
ended. In this case, if command chaining Was set to one in 
the last CCW of the data chain, then normal command 
chaining Would occur after the channel received the IU 
containing the status DIB. The control unit provides a status 
DIB if data chaining is ended and no further chaining is 
speci?ed. 
When data-chaining occurs at the channel during a Write 

operation, a command IU With a command-data DIB con 
taining the CCW count, required ?ags for the next CCW, and 
data is sent to the control unit. If the quantity of data 
speci?ed for the CCW exceeds the quantity of data that can 
be sent in a command data DIB, one or more data DIBs may 
be sent. If the quantity of data sent for the CCW is exactly 
equal to the count in the CCW, the E bit is set to one in the 
last IU sent for the CCW. Data chaining continues until all 
of the data is transferred for the Write operation or until the 
data chaining condition is not set at the end of a CCW. If the 
quantity of data sent for the CCW is less than the count in 
the CCW, the EB bit is set to one in the last IU sent for the 
CCW. For this case, data chaining, if indicated for the CCW, 
is not performed and execution of the channel program is 
suspended until status is received from the control unit. If 
the quantity of data used by the device is less than the total 
count provided by the channel, then a status DIB is sent; the 
residual count ?eld indicates the amount of data Which Was 
not used. If the quantity of data required by the device is 
greater than the total count provided and the EB bit is not set, 
then status, if sent, has the LR bit set to one. 
When, at the channel for a read operation, data chaining 

is indicated in the current CCW, a command IU With a 
command DIB containing the CCW count and required ?ags 
for the next CCW is sent to the control unit. The channel 

10 

15 

25 

35 

45 

55 

65 

34 
continues to do this for each CCW to Which data chaining 
Was speci?ed until the command IUs for all of the CCWs for 
data chaining have been sent. For a read operation, the 
sending of the command IUs indicating data chaining does 
not constitute execution of the command or CCWs. The 
operation and data chaining is considered to have been 
initiated at the control unit. There is an inde?nite period of 
time from the initiation of a read operation With data 
chaining and When data for that operation arrives at the 
channel. 
When a data IU is received by the channel, the CCW 

number indicates the CCW for Which this data is being sent. 
At that point in time, the CCW identi?ed becomes current 
again at the channel and execution of the CCW is considered 
to be occurring. As each successive data IU is received for 
a read operation the channel ensures that the CCW number 
speci?ed corresponds to the appropriate CCW. The quantity 
of data received for a CCW must exactly equal the CCW 
count for that CCW in order for data chaining to occur at the 
channel. If, before all of the data for a CCW is received, the 
next data IU received from the control unit speci?es a 
different CCW than the current CCW for the read operation, 
a device-level protocol error is recogniZed. If either status or 
a data IU With the EB bit set to one is received, data chaining 
is ended for the current read operation. When, at the control 
unit for a read operation, the quantity of data to be sent to 
the channel exceeds the CCW count in effect from the 
command IU currently being executed, the E bit is set to one 
in the last data IU sent for the CCW and if the data chaining 
condition is set, data chaining occurs at the control unit. 
When data chaining occurs at the control unit, the next 

CCW goes into effect, that is, the contents of the next 
command IU With the CH bit set to one and a command DIB 
containing the DU ?ag set to one become current and go into 
effect for the read operation. The remaining data is sent in 
data IUs under the control of the neW CCW. The CCW 
number from the current command IU is used in each data 
DIB sent, and the CCW count determines the maximum 
quantity of data that can be sent. Data chaining continues at 
the control unit until all of the data is transferred for the read 
operation or at the completion of the current CCW, the data 
chain condition is not set. If all of the data is transferred for 
the read operation and the data chaining condition is set, data 
chaining does not occur and status is sent to the channel. If 
all of the data has not been transferred to the channel for the 
read operation and the data chaining condition is not set, 
data chaining does not occur and a status DIB, if sent, 
contains the LR status ?ag bit set to one. The device ensures 
that data chaining is occurring at the proper times by 
recogniZing a data-chaining condition. The data-chaining 
condition is recogniZed for each device and is used to verify 
that successive CCWs are being executed by the channel. 
The data-chaining condition is set Whenever the device 
accepts a command IU and the chain-data bit is set to one in 
the command-?ag ?eld. The data-chaining condition is reset 
Whenever a control IU is received and system reset, or 
selective reset, is performed; cancel or stack status is per 
formed. The data-chaining condition is also reset Whenever 
a command IU is received and the chain-data bit is set to 
Zero, or status containing device end has been accepted by 
the channel. 
When the data-chaining condition is set and the control 

unit initiates the ending of the I/O operation by transferring 
channel-end status to the channel, With or Without device 
end status, and if the quantity of data transferred is less than 
the CCW count, then the data-chaining indication is reset, 
and chaining is not performed. Data chaining occurs When 






































